Phenotypic and genotypic methods identify subtypes of Legionella pneumophila, serogroup 1, and match patient and environmental isolates from suspected sources. The strength of this association is limited by the lack of information regarding the frequency and distribution of isolates belonging to various subtypes. In this study, 62 clinical isolates of L. pneumophila, serogroup 1, were subtyped by using pulsed-field gel electrophoresis (PFGE), to determine the distribution and degree of diversity of PFGE patterns among monoclonal antibody (MAb) subtypes. Unexpectedly, 8 of 21 MAb Philadelphia 1 isolates had a common PFGE pattern, and, among 12 MAb OLDA isolates, only 2 PFGE patterns were seen. Our hypothesis was that PFGE patterns were distributed randomly; however, statistical analysis showed that the distribution of subtypes was not random (Fisher's exact test 0.13;
. In this study, we sought to determine the relatedness of PFGE patterns among clinical isolates of L. pneumophila, serogroup 1. A second objective was to determine the degree of relatedness of PFGE patterns among isolates of the same MAb subtype.
Materials and Methods
Organisms. Sixty-two clinical isolates of L. pneumophila, serogroup 1, representing 8 MAb subtypes from 30 institutions in 9 states, were subjected to PFGE. Forty-seven of 62 isolates were from patients admitted to western Pennsylvania hospitals. These isolates were either recovered by or submitted to the special pathogens laboratory of the VA Medical Center (Pittsburgh, Pennsylvania) from 1983 to 1996 (table 1). For 24 of 62 isolates, it was not known whether the cases were nosocomial or community acquired; 27 of 62 were community-acquired infections, and 11 of 62 were nosocomial. L. pneumophila Philadelphia 1 (ATCC 33152) served as an internal control for run conditions and was included on each PFGE gel.
MAb subtyping. MAb subtyping of all L. pneumophila, serogroup 1, isolates was performed in the laboratory of one of the investigators (J.R.J., Montreal, Quebec, Canada). MAb pattern designations were done according to the standardized subtyping scheme [13] .
PFGE of bacterial DNA. Bacteria were grown on buffered charcoal yeast extract agar plates for 24-48 h at 37ЊC. Bacterial suspensions were matched turbidometrically to a 0.5 McFarland standard, and genomic DNA was prepared as described elsewhere [14] . Agarose plugs of DNA were digested overnight with 30 units of SfiI or SalI (New England Biolabs), according to the recommended conditions. PFGE was performed by using a CHEF-DRII system (Bio-Rad). The DNA was electrophoresed for 30 h at 14ЊC in a 1% agarose gel at 6 V/cm with a linear gradient pulse time of Interpretation of PFGE. The criteria used for interpretation of PFGE patterns was that of Tenover et al. [11] . Isolates with PFGE patterns that differed by р3 restriction fragments were considered to have the same pattern, whereas isolates that differed by 13 fragments were considered to be sufficiently divergent to represent a different pattern [15] . PFGE patterns were designated by letters A-Z, AA, BB, and so on.
Statistical analysis. The Fisher's exact test (Epistat Services) was used to determine the probability of 2 isolates sharing 1 PFGE pattern, on the assumption that unrelated strains should follow a random distribution of PFGE patterns. A statistically significant association was defined as one in which the probability of PFGE patterns being identical by chance alone was !.05. (table 2) . Three isolates from 2 other states also shared this pattern (figure 1). Digestion with a second enzyme (SalI) did not further differentiate the isolates (data not shown). Eleven MAb subtype OLDA isolates from 8 different institutions in western Pennsylvania were further subdivided into only 2 PFGE patterns. SalI restriction digestion failed to further differentiate these isolates (data not shown). Five of 11 isolates were pattern N, whereas 6 isolates were pattern O (figure 2). Four Bellingham isolates from 3 states shared 1 pattern (X). Although the number of isolates representing the other MAb subgroups was limited, there appeared to be greater PFGE pattern variation among these strains (table  1 ). In addition, several different MAb subtypes demonstrated related patterns but were from different institutions.
Results

Diversity of PFGE patterns among clinical isolates of
Restriction with SfiI did not differentiate the PFGE patterns for 2 pairs of isolates belonging to different MAb subgroups ( figure 3 ). An MAb Knoxville 1 isolate shared the same PFGE pattern (A) with a Philadelphia 1 isolate, and an MAb Allen- 
NOTE. Allen, Allentown 1; Ben, Benidorm; Knox, Knoxville 1; MAb, monoclonal antibody; Phil, Philadelphia 1.
a PFGE patterns differed by у4 bands. town 1 isolate shared the same PFGE pattern (E) with another Philadelphia 1 isolate. This pattern was distinct from the PFGE pattern of the first pair ( figure 3 ). Digestion with a second enzyme, SalI, did not further differentiate the isolates (data not shown).
Discussion
L. pneumophila causes most cases of legionnaires disease [16] . In 2 large-scale surveys, 91% of Legionella isolates were L. pneumophila [16, 17] . Although 15 serogroups have been implicated in pneumonia, 82%-92% were serogroup 1.
In light of the predominance of L. pneumophila, serogroup 1, as the causative agent of legionnaires disease, methods have been developed to subtype serogroup 1 strains for epidemiological purposes. MAb panels have been developed for phenotypic subtyping of L. pneumophila, serogroup 1 [13] . By use of the international panel of MAbs, р12 distinct subtypes have been identified [2] . Genotypic methods, such as PFGE of DNA, have seemingly unlimited discriminating potential [6] . The utility of these and other subtyping methods depends on the heterogeneity and random distribution of subtypes among strains, such that a match between patient and environmental isolates is meaningful. Whatever the discriminating power of the method, the results of subtype testing must be interpreted with caution, unless the distribution of the various subtypes is known [12] .
We have addressed this issue by testing clinical isolates of L. pneumophila, serogroup 1, from patients admitted to hospitals in western Pennsylvania and 8 other states. We performed PFGE on whole-cell DNA from 62 clinical isolates of L. pneumophila, serogroup 1, belonging to 8 different MAb subtypes. A total of 34 PFGE patterns was observed among the 62 strains tested (table 1) . Interpretations of differences in PFGE banding patterns were based on the criteria of Tenover et al. [11] . Legionella strains differing in у4 bands were considered to be separate clones [10, 15] . Isolates with р3 band differences in PFGE patterns were considered to be related. Harrison et al. [18] showed that strains differing in only 1 or 2 bands were derived from a single parent strain.
The ability of PFGE to further differentiate isolates belonging to various MAb subtypes was limited, depending on the MAb subtype. Specifically, 8 (38%) of 21 of the MAb Philadelphia 1 isolates from 6 institutions in 3 states shared a single related pattern (A). Among the isolates from western Pennsylvania, 5 (36%) of 14 Philadelphia 1 isolates also shared pattern A. The issue of geographic bias was considered, so we expanded the test population to include 7 isolates from 4 other states. Three (43%) of these 7 isolates also shared PFGE pattern A with the western Pennsylvania isolates. Eleven MAb OLDA isolates from 8 institutions in western Pennsylvania could be differentiated into only 2 different PFGE patterns (N and O). It is of interest that an additional MAb OLDA patient strain isolated in Montreal, Quebec, also shared one of these patterns (N). The existence of common patterns in multiple institutions supports the notion that a limited number of clones have gained widespread dissemination [7, 19] .
The 47 isolates from western Pennsylvania were differentiated into 30 PFGE patterns. There were 4 predominant patterns that were shared by unrelated isolates from 12 different institutions. Isolates with one of these common patterns tended to belong to the MAb subtypes Philadelphia 1 or OLDA (table  2) . Our data suggest that unrelated clinical isolates from within the western Pennsylvania area can share a PFGE pattern. In light of the fact that these isolates were collected during a 13-year period, it is unlikely that they represented an unrecognized epidemic cluster. We have made the assumption that these patients were exposed to water sources containing these strains and, therefore, have not included environmental strains in our analysis [20] . We did not evaluate the frequency or distribution of subtypes in the environmental setting.
The value of MAb subtyping has been debated. Some studies have shown apparent instability of MAb epitopes under various environmental conditions [21, 22] . Conversely, other studies have demonstrated stability of MAb reactivity over long periods of time [23] . We and other researchers have found MAb subtyping to be a useful epidemiological marker, especially when used in combination with PFGE analysis [24] . Specifically, we found that MAb subtyping was able to differentiate isolates with the same PFGE patterns (figure 3). Thus, it is possible for MAb subtyping to further differentiate isolates with similar PFGE patterns.
It is also interesting that the probability that any 2 isolates in our sample set would share a PFGE pattern did not reach statistical significance ( ). The fact that PFGE patterns P 1 .05 were shared among the Philadelphia 1 and OLDA isolates undoubtedly was responsible for this result. This finding could be because of our limited sample size. Alternatively, this finding may suggest that the variability of the L. pneumophila genome is limited, that the species is clonal in population, and that PFGE alone may be insufficient for drawing associations between patient isolates and suspected sources without supporting epidemiological data.
Several investigators have drawn similar conclusions, using other genotypic methods, such as RFLP, electrophoretic typing, and RE-PCR [7, 15, 19, 20, 25] . Pruckler et al. [6] found the same AP-PCR and PFGE patterns among isolates from 7 unrelated outbreaks of legionnaires disease. A study in Paris, France, by Lawrence et al. [15] suggested that, in large cities, clinical isolates of L. pneumophila with identical PFGE patterns might not come from a single environmental source. A single clone of L. pneumophila, serogroup 1, was present throughout Paris for a long period. A similar finding was reported by Buchholz et al. [26] for the city of Los Angeles, California. Our results expand these observations to a larger geographic area. We identified a single clone of L. pneumophila, serogroup 1, in clinical isolates from 9 different states. It is reasonable, then, to suspect that certain strains have achieved intracontinental, if not worldwide, distributions [19] . In view of these results, one cannot assume an epidemiological association on the basis of identical PFGE types alone. In a restricted analysis, such as within a single institution in an outbreak setting, however, PFGE analysis has been shown to be highly discriminatory. For example, L. pneumophila, serogroup 5, isolates were shown to have unique and stable PFGE patterns during a 10-year period [27] .
Epidemiological investigations rely on the discriminating power of subtyping methods to assist in the identification of the source of Legionella infection. Unless the distribution of subtypes is known, the results of subtype matching of patient and environmental isolates must be interpreted with caution. Our data suggest that the distribution of subtypes, as defined by PFGE pattern and/or MAb subtyping, is more limited than we had expected. Therefore, we recommend combining molecular phenotypic and genotypic methods for optimal comparison of epidemiologically linked clinical and environmental isolates of L. pneumophila. Finally, the use of the combination of methods, supported by sound epidemiological data, will ensure that the most stringent criteria are used to differentiate isolates before an environmental source is implicated as the epidemiological reservoir.
